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Faculty: Food Science and Biotechnology 
Banana chips prepared from Pisang A bu and Pisang Nangka at "green" and 
'trace of yel low' stages of ripeness were studied. The results showed that A bu had 
h igher carbohydrate content than Nangka at both stages of maturities. The fru its 
were peeled, s liced and deep-fried in refined, bleached and deodorised (RBD) palm 
olein at 1 80 ± 5 °C for 3 min .  The moisture content and water activity (av.) of Abu 
chips were lower than those of Nangka. Sensory eval uation showed that chips 
prepared from Abu at both stages of ripeness were better in all characterist ics. The 
Abu was selected and used in the subsequent study. The effects of deep-fat-frying in 
RBD palm olein and soybean o i l  were studied. Before the frying process, the A bu 
banana was subjected to three different pretreatment methods.as fol lows: (i) peeled 
and s l iced banana (control), ( i i )  blanched whole green banana in water at 70 °C for 
20 min and ( i i i )  whole banana soaked sodium chloride (NaCI) solution for 30 min.  
RBD palm olein was shown to be more stable to oxidation than soybean o i l  while 
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there was no difference in  the different pretreatment methods in both oils. The result 
also indicated that banana soaked in NaCI solution and fried in RBO palm olein 
presented better sensory score in colour, flavour, odour, texture and overall 
acceptance attributes while the texture of control banana fried in RBO palm olein 
showed better crispness than the other samples. 
Storage study using four types of packaging materials namely, laminated 
aluminium foi l  (LAF), oriented polypropylene (OPP), polypropylene (PP), and low 
density polyethylene (LOPE) was also conducted. The parameter determined were 
moisture content, water activity (aw), thiobarbituric acid reaction substances 
(TBARS), crispness, colour and sensory properties of banana chips. The results 
showed that samples packed in LAF gave lower moisture content, aw and TBARS 
values and higher in sensory score on crispness, colour and rancid-odour descriptors 
than the other three samples during 8 weeks storage times. It was c lear that the most 
notable changes during storage were samples packed i n  LOPE which gave the 
lowest score in crispness and product colour. 
The changes in qual ity of RBO palm olein with added oc-tocopherol, 
oleoresin rosemary and thei r  combination during deep-fat frying were also studied. 
The finding of this study reveals that RBO palm olein with added antioxidant 
showed significantly (P<O.05) lower in peroxide value, anisidine value, totox value, 
E 1%lcm at 232 nm and 268 nm, free fatty acid and v iscosity. In general oleoresin 
rosemary was more effective in retarding oxidative deterioration after 5 days of 
frying 
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Kerepek pisang telah disediakan daripada pi sang Abu dan pisang Nangka 
pada peringkat hijau dan permulaan warna kuning. Keputusan Kaj ian menunjukkan 
bahawa pi sang Abu mengandungi kandungan karbohidrat yang lebih t inggi j ika 
dibandingkan dengan pisang Nangka pada kedua-dua peringkat kematangan. Buah 
pisang telah dikopek, di layang n ipis-nipis dan digoreng dalam minyak sawit olein 
pad a suhu 1 80 ± 5 °c selama 3 min. Kandungan air dan aktiviti air Caw) kerepek 
pisang Abu telah didapati lebih rendah berbanding dengan kerepek pisang Nangka. 
Selain itu, kerepek pisang Abu pad a peringkat hijau telah didapati paling rangup. 
Keputusan peni laian deria telah menunjukkan bahawa kerepek yang disediakan 
daripada pisang Abu pada kedua-dua peringkat kematangan mempunyai ciri-ciri 
deria yang lebih baik j ika dibandingkan dengan kerepek daripada pisang Nangka. 
O leh kerana itu, pisang Abu telah dipi l ih dalam kajian-kajian seterusnya. Kual iti 
kerepek pisang, minyak sawit olein dan minyak kacang soya telah d ikaj i .  Sebelum 
proses penggorengan, pi sang Abu telah melalui tiga kaedah pra-rawatan yang 
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berbeza. Kaedah-kaedah pra-rawatan merangkumi: mengopek dan memotong 
kepingan pi sang (kawalan); mencelur pisang dalam air pada suhu 70°C selama 20 
min; merendamkan pisang dalam larutan natrium klorida (NaCl) selama 30 min. 
Keputusan kajian menunjukkan bahawa minyak sawit olein didapati lebih stabil 
terhadap proses pengoksidaan jika dibandingkan dengan minyak kacang soya. 
Manakala kaedah-kaedah pra-rawatan yang berbeza tidak menunjukkan perbezaan 
yang bererti pad a kedua-dua jenis minyak masak. Hasi l  kajian juga menunjukkan 
bahawa p isang yang direndam dalam larutan NaCI dan digoreng dalam m inyak sawit 
olein mempunyai n i lai deria yang lebih baik manakala teksur pisang dari pra­
rawatan kawalan menunjukkan ni lai kerangupan yang lebih baik daripada sampel­
sampel lain. 
Kajian penYlmpanan dengan menggunakan empat jenis bahan 
pembungkusan yang berlainan iaitu foi l  aluminium berlapis (LAF), polipropilen 
"oriented" (OPP), pol ipropilen (PP) dan pol ietilen berketumpatan rendah (LOPE) 
telah dijalankan. Kandungan lembapan aw, bahan tindak balas asid tiobarbiturik 
(TBARS), kerangupan, warna dan ciri-ciri deria kerepek pisang telah dikaj i .  
Keputusan menunjukkan bahawa sam pel yang dibungkus dalam LAF dan disimpan 
selama 8 minggu, menunjukkan kandungan lembapan, aw dan ni lai TBARS yang 
lebih rendah dan mempunyai nilai deria yang lebih t inggi berbanding dengan sampel 
yang dis impan dalam tiga jenis bahan pembungkus yang berlainan. Kesan yang 
pal ing ketara adalah sam pel yang dibungkus dalam LOPE di mana sampel telah 
menunjukkan nilai kerangupan dan warna prod uk yang paling rendah. 
VI 
Perubahan-perubahan minyak sawit olein dengan penambahan <x:-tokoferol, 
o leoresin  rosemary dan kombinasi mereka semasa proses penggorengan juga telah 
d ikaj i .  Hasi l  kaj ian menunj ukkan bahawa m inyak sawit olein yang ditambah 
antioksidan mempunyai n i lai peroksida, n i lai anisidin, n i lai totox, E1%lcrn pada 232 
nm dan 268 nm, asid lemak bebas dan kel ikatan yang lebih rendah secara bererti 
(P<O.05). Secara keseluruhannya, oleoresin rosemary telah didapati lebih berkesan 
dalam menghalang proses pengoksidaan selepas penggorengan selama 5 hari . 
VII 
ACKNOWLEDGEMENTS 
I would l ike to express my most sincere gratitude and appreciation to my 
supervisor, Professor Dr. Yaakob bin Che Man for his invaluable guidance, advice 
and constant encouragement throughout the course of my research study. His 
constructive critisms and suggestions rendered in the preparation of this thesis. 
Appreciation is  also due to the members of my supervisory committee, 
Associate Prof. Dr. Russly Abdul Rahman and Associate Prof. Dr. Salmah Yusof for 
their support and invaluable suggestions. 
I wish to express my gratitude to al l members of the Faculty of Food Science 
and Biotechnology, UPM for providing the research faci lities and technical 
assistance during my graduate study. Acknowledgement is also due to al l  my 
friends, especially Dr. Tan Ching Ping for his kind help, suggestion and technical 
assistance. Dr. Annie Christianus, Dr. Irwandi Jaswir, Gabby Setiowaty, Mohammad 
Elwathig, Pitoon Nopnakorn, Benchamaporn Pimpa and Apinya Vanichpun who had 
given me the moral encouragement and support to complete my graduate study. 
Finally, I wish to express my deepest appreciation to my beloved mother, 
father, my husband 'Assistant Prof. Dr. Sethasi lp  Ammawath' ana my son 
'Puntharik Ammawath' for their support and encouragement. I am also greatly 
indebted to my mother in-law and my husband-aunt who took care of my son in 
Thailand while I was away in Malaysia. 
VIII 
I certify that an Examination Committee met on 5th August 2002 to conduct the final 
examination of Wanna Ammawath on her Master of Science thesis enti led "Qual ity 
Characteristics of Banana Chips and Oils after Deep Fat Frying" in accordance with 
Universiti Pertanian Malaysia (Higher gegree) Act 1980 and Universiti Pertanian 
Malaysia (Higher Degree) Regulations 1981. The committee recommends that the 
candidate be awarded the relevant degree. Members of the Examination Committee 
are fol lows: 
SHARIFAH KHARIDAH SYED MUHAMMAD, Ph.D. 
Associate Professor 
Faculty of Food Science and B iotechnology, 
Universiti Putra Malaysia. 
(Chairperson) 
Y AAKOB BIN CHE MAN, Ph.D. 
Professor! Deputy Dean 
Faculty of Food Science and B iotechnology, 
Universiti Putra Malaysia. 
(Member) 
RUSSLY ABDUL RAHMAN, Ph.D. 
Associate Professor 
Faculty of Food Science and Biotechnology, 
Universiti Putra Malaysia. 
(Member) 
SALMAH YUSOF, Ph.D. 
Associate Professor 
Faculty of Food Science and B iotechnology, 
Universiti Putra Malaysia. 
(Member) 
SHAMSHER MOHAMAD RAMADILI, Ph.D. 
Professor! Deputy Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
Date: 2 0 SEP 2002 
IX 
This thesis submitted to the Senate of Universiti Putra Malaysia has been accepted 
as fulfillment of the requirement of the degree of Master of Science. The members 
of the Supervisory Committee are as fol lows: 
YAAKOB BIN CHE MAN, Ph.D. 
Professor! Deputy Dean 
Faculty of Food Science and B iotechnology, 
Universiti Putra Malaysia. 
(Member) 
RUSSLY ABDUL RAHMAN, Ph.D. 
Associate Professor 
Faculty of Food Science and B iotechnology, 
Universiti Putra Malaysia. 
(Member) 
SALMAH YUSOF, Ph.D. 
Associate Professor 
Faculty of Food Science and B iotechnology, 
Universiti Putra Malaysia. 
(Member) 
x 
AINI IDERIS, Ph.D. 
ProfessorlDean 
School of Graduate Studies 
Universiti Putra Malaysia 
Date: 
DECLARATION 
I hereby declare that the thesis is based on my original work except for quotations 
and citations, which have been duly acknowledged. I also declare that it has not been 




TABLE OF CONTENTS 
DEDICATION . . . . . . . . . . ... . . . . . . . . . . . . . . . ... . . . . . .. . . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . .. . . . . . . . . . . . . . .  i i  
ABSTRACT . ... ... . . . . . . . . . . . ... . . .. . . . . . .. . . .. . .... . ...... . . . . . . . . ... . . . . . . . .. . . . .. .. . . .. .. .... . . . . . . . . . . . . . ...... . . . . . . iii 
ABSTRAK ............................ ......................... ........................................................ . . . .. v 
ACKNOWLEDGEMENTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . ... . . . . . . . . . .. . . . . .. . . . . . . . . ... . . . . . . . . . . . . . . . . . .  v i i i  
APPRO V AL DECLARATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .  '" IX 
LIST OF TABLES. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . ... . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xvi 
LIST OF FIGURES . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . .. . . . . . . . . . . . .  xvi i i  
CHAPTER 
I GENERAL INTRODUCTION ........................... . ... . .... ... . ............... . 
II LITERATURE REVIEW...... ...... ... . .............. .......... . . ...... . . . .. . . . . . .......... .. . . . . . .... 4 
Banana . . . ... . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .... .. . . . . . . . . ... . . . . . . . . . . . . . . . . .. . . . . . . . . . ... . .. . . . . . . . . . . . . . .  4 
Variety of Banana . . . .. . . .. .. ... . . . . . . .... . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 4 
Pisang Abu . . . . . ... . . . . . . . . . . . . . .. . .... . .  " ... , .. , .. , .. , ., .. , ....... " . .. . . . . . . . .... 4 
Pisang Nangka ... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 5 
Changes During Ripening in Banana . . ... . ... . . . . ...... . . . ,. . . . . . .. . . . . .  . . . . . . . . . . . . . . . . .  5 
Colour Changes. . . . . . . . . . . . . . . .. . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  . . . . .  . . . .  . . . . . . . .  . . . .  . 5 
Textural Changes . . . . . . ... . . . . . . . .. . .. . . .. . . . . . ......... . . . . .. . . . ... . . .. . . . .. . . . . . . . . .. . . '" 6 
Flavour Development.. . . ... . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  6 
Sugar Accumulation. . . .. . . . . .. . . . . . .. . .. . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . .  . . . . . . . . . .  . . . . .  7 
Organic Acid and Phenol ics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . ... .  . . . . .. 7 
Fat and oils. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... ... 7 
Palm Oi l  . . . . . . . .. .. .. . . . .. . ... . . . . .. . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ... . . . . . . . . . . . . . . . . . . .... 8 
Characteristic . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .. . .  . . . . . . .  . . . . . . . .  9 
Soybean Oil... . . . . . . . . .  . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  1 2  
Characteristic. . ... . . ... . . . .. . .. . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  . .  1 2  
Deep-Fat Frying . .... . . . ... . . ........ . . . . . . . ..... . . . ... . . . .. ... . .. . . . . . . . ........ ... .. . . .... . . .. . . ... .. . .... . . . ! 4 
Physical Changes in Oil during Frying.. .... . ......... . . ....... ..... ... .. ... .. . . . . ..... . .  1 5  
Chemical Changes in Oil during Frying. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .  . .. . . ... . . . . . .. . .  1 6  
Colour Formation ...... . . . . .... ... . . . . . . . . . . . . . .. . . .... . ..... . . . . . . . . . . . . . . . . . ......... . . . . .  1 7  
�{ydrolysis.......... . .......... . . . . . . ..... . ... ........ . ..... ...... . ...... . . .  ........ . . .. ..... .. 18 
Oxidation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Polymerisation ... .... . . ... . . . ... . . . . . . . . . . . . . . . . . . . . . . ... ... . . .... . . ... . . . . . . . . . . .. . . .. . . . .. 23 
Physicochemical Monitoring of Oils........... . . . . . . . . . .. . .. . . . . . ... . .  ........ ....... .... 24 
Peroxide Value ...... ....... .... . . . . . . . . . ... . . . . ... . . . . . . . . . . . ... . . . . . . . .. .... ... . . . . . . . . .. . .  24 
Anisidine Value . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5  
Totox Value .... .. . . ... . .... . . ... ........ ...... .... . ... . ... .. . ......... . . .. ... .. . . . . . . . ... . ... ... 25 
Iodine Value .... . .. ...... . ............ . . .. . . . . .. . . . . ... . ... ... ... . . .. . ..... . . ... ... . . ... . ..... .. .. 26 
Free Fatty Acid ..... . .. .. ........ . . .. . . . .... . . ... . . . ... . . . . . ..... ..... ...... . . . ...... ... . . . . . .  27  
Viscosity ... . . . ... .. . . . . . . . . . . . . . . .. . .... .. . .. . ............ ...... . . ................. . ........ ... 28 
XII 
Colour. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 8  
Ultraviolet Absorption.. .......... . .... . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . .  . . .  2 9  
Sensory Evaluation of Banana ChipS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. 30  
Preference/Acceptance test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , .  30  
Discriminatory test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 3 1  
Descriptive test. . . .  . . . . . .  . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1  
Antioxidant. ... ... . . . . . . . . . . . . . . . . . . . . . . . .. . . .. ...... . . . . . . . .. . . ..... . . . . . .. . ..... . . .. . . . . ...... . ... .... . . .... . . 32 
Synthetic Antioxidants. .. . . . . . . . . . ... . . . . . . . . ... . . . . . . . . . . . . . . . . . . . ... . . . . .. . . ... . . . . . .  . . . . .. .. ... . 34 
Gall ic Acid Esters .. . . . . . . . . ..... . . . . . . . . . . . . . . ... . . . . . . . . . . .. .. .. . . . .. . . .. ....... .. . .. . .... 35 
Butylated Hydroxyanisole (BHA) . . .... . ... . . .... .. .... . .. . .. . . . . .. . .... . .. . . .. ... . 35 
Butylated Hydroxy Toluene (BHT) . . . . . . . . . . . . . . . . .. . . . . .. . .. . . . . .. . . . .... . .. . .. .. 37 
Tertiary Butylhydroxy Quinone (TBHQ) . .. . . . . .. .. . .... . . . . . . . . . . . .. . . . . . . . . . . 37 
Natural Antioxidants . . . . . .. . . . . . . . . . . . .. . . . . .... . . . . . . . . . . . . . . . . . ... . . . ....... . .. . . . . ... . . . . . . . . .. . . 3 8  
Sage Extract. . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... .. . . ... . . . . . . . . . . . . . .. .. .. . ...... ..... . . . .  3 8  
Rosemary Extract... . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .. ... . . .... . . . . . . . . . . .. . 3 9  
oc-Tocopherol. . . . . . . . . . . ... .. . . . . . . . . . .. . . . . . . . . . . . ... . . . ... ...... . . . .. .... .... . . . . . . . . . . . . ... 40 
Research for The Antioxidant Effect in Frying OiL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42 
Packaging for Banana Chips . . . . . .. . . . . . . . . ... . .. . . . . . . . . . . . . . . .. . . . . .. . . .. . .. . . . . . .. . . . . .. . . . . . . . . . . .  43 
Principle of Packaging . . . . . . ... . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . ...... . .. . . . ..... . ... . '" 44 
Plastic Packaging . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . .. . . . .. . . ..... . . .. . . ... . . . . . ... . . . . .. 46 
Low density Polyethylene (LOPE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47 
Polypropylene (PP) . .. . . .... . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  48 
Oriented Polypropylene (OPP) . . . . . . . . . . . . . . . .. . . . .... . . . . .. . . . . . . . .. ...... ... . .. . . . . 49 
Laminated Aluminium Foi ls (LAF) ... .. . .. . . . . . . . . . . . . . . . . .. . . . .. . . ... . . . . . . . . . . .  4 9  
III EFFECTS OF V ARIETY AND STAGE OF FRUIT RIPENESS 
ON THE PHYSICOCHEMICAL AND SENSORY 
CHARACTERISTICS OF DEEP-FAT-FRIED 
BANANA CHIPS. . . . . . . . .. . . . . .  . . . . . . . .  . . . . . . . .  . . . . .  . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  5 I 
Introduction ............... ................... ................................... . .... . . ......................... 5 I 
Materials and Methods . . . .. . . . . . .. . ..... . . ..... . .... . . .... .. .. . . . .. .. .. . . . .. . . . . . ..... . ........... . .. ... . 53  
Materials . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . .. ... .. . . . .. .. . . .. . . .. .... . .. . . . . . ... . . ... ...... ..... ..... . . ... . .. 53 
Frying Experiments . . . . . . . . . . . . .. . . . . ... . . . . . . .. . . . . .. . .... . .. .. . . ... .. . . . . . . ...... . . . .. . .. .. . . . ... . . S 3  
Physicochemical Analysis of Fresh Banana and Deep-Fat-Fried Chips.. 54 
Statistical Analysis ... .. . . ............. .... . .. . . . . . ... .... .. . .. ... ....... ... . . . .. ..... .. .... ....... . .. 5S 
Results and Discussion . . ...... . . . ..... . . . . . . . . . ... . . .. . . .. .. . . ... . ....... . . . . ... . . .... .. . . ....... . .... . . . 5S 
Chemical Composition of Fresh Bananas . . . . .. . . . .. . .. .. . . . ....... . . . . .. . ... . . . . .. . ... .. 55  
Total Soluble Sol id, pH and Acidity . . . . . . . . . . .. . . .... .... . . . . . . . . . . ... . . . . . . . . . . .  S 5  
Carbohydrate. . ..... .. . . . ......... ......... ................ ....... ........ ...... ........ ....... 56 
Moisture, Protein, Fat, Ash and Fiber Contents . . .... . . . . .... .... ... ... . . . . .  58  
Sugar . . ..... . . .. . . .. . . .. ... . . . . . . . . . ... ... . .. . . . . . . . . . . .. . . . . . . .. .. . . . . . . . .. . . . ........... . . . ... . . .  5 8  
Physical Characteristics o f  Fresh Bananas . . . .. . .. .......... . . . . . .. . .. .. . .... . . . . .. . . . . .
. 
59  
Colour .. . . . . . . ... . . . . . . . . . . .. ...... . . . . . . . .. . . . . . .. .... . .... . . . . .. . . . . . . .. .... . . . . ... . . . . . . .. . . . ... 59 
Fruit Firmness ..... . . . . ..... . . . .. . .. .... . ..... .. . . . . .... . . . . . ..... . . . . ... . . . . . . .. . . . . . ........ 59  
Characteristics of Bananas after Frying . ..... .. .. . . . . ... . . . .. . . . . .... .. . . . . . .. . . .. . . . . . . . . 62 
XIII 
Moisture, Water Activity and Oil Absorption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 
Crispness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  63 
Sensory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 
Conclusion . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  68 
IV EFFECT OF PRETREATMENT METHODS ON THE QUALITY 
OF BANANA CHIPS AND OILS DURING DEEP-FAT FRyING . . . . . . . . .. 69 
Introduction. . .  . . . . . . .  . . . . . . . . . . .  . . . . . . .  . . . . . . .  . . .  . . . . . .  . . . . .  . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69 
Materials and Methods. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 1  
Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 1  
Frying Experiment. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .  . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . .  7 1  
Analysis of Oils and Banana Chips . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  72 
Statistical Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73 
Result and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . .  74 
Change in Chemical Characteristics of oils . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .  74 
Fatty Acid Composition (F AC). . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  74 
Peroxide Value (PV) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .  74 
Anisidine Value (An V). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 
Totox Value . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 
Free Fatty Acids (FF A). .  . . . . . . . . .. . . . . . . . . .. . . . .. . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78 
Iodine Value. . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78  
Change in  Physical Characteristics of OiL. . . . .  . . . .. . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .. . . . .  79 
VISCOSIty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . 79 
Colour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . ... . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .  8 1  
E!%!cmat 2 32 nm and 2 68 nm . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . ... .... . .. . . . . . . . . . .. . .  8 1  
Characteristics of Banana after Frying . . .. . . . . . . . . . . . . ... . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 82  
Crispness . . . . . . . . . . .... . . . . . . .  " . . . ... . . . . . . . . . .. . ... " . . . . .  . . . .. .... . . . .  . 82 
Sensory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83 
Conclusion ..................... . . ................................................................................ 85 
V EFFECTS OF OLEORESIN ROSEMARY AND (1-TOCOPHEROL 
ON QUALITY CHARACTERISTICS OF REFINED BLEACHED 
AND DEODORISED PALM OLEIN AND BANANA CHIPS AFTER 
DEEP-FAT FRyING . . ... . . . .. . .. . . . . . . . . ..... . ..... . . .. .. .. .. .... . ....... .. . . .. .. ...... .. . . . . . .. . . .... . . .  86 
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 
Materials and Methods . . . . . . . . . . . . . . . . . .  ,. . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  88 
Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  88 
Frying Experiment. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  88 
Analysis of Oils and Banana Chips . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89 
Statistical Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 
Result and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 
Chemical Characteristics of RBD Palm Olein . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 
Fatty Acid Composition (F AC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 
Peroxide Value (PV) . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .  9 1  
Anisidine Value (An V) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 
xiv 
Totox Value . . . . ...... ... . ..... ... . ... . ....... . . . . . . . . . ......... . . . . . . . . . . ... .... ......... ...... 94 
Free Fatty Acids (FF A). . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
Iodine Value.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
Change in Physical Characteristics of RBD Palm Olein . . . . . . . . . . . . . . . . . . . . . . . . .  96 
Viscosity. . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  96 
Colour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  96 
EI% lcmat 2 32 nm and 2 68 nm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 
Characteristics of Banana after Frying . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99 
Sensory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99 
Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 00 
VI EFFECTS OF TYPE OF PACKAGING MATERIALS ON 
PHYSIOCOCHEMICAL AND SENSORY CHARACTERISTIC OF 
DEEP-FAT-FRIED BANANA CHIPS . . . . . ...... . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . ..... . . . . .. 1 0 1  
I ntroduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . .  1 0 1  
l'v1aterials and Methods. . . . . . . . . . . . . . . . .. . . . . . . . . .. . . ...... .. . . .  .... . . . . . . . . . ... . . . . . .  . . . . . . . . . . . . . . . . . . . .  1 02 
Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . .. . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 02 
Experiment Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . 1 03 
Characteristics Analysis of Packaging Fi lm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 06 
Physicochemical Analysis of Deep-Fat-Fried Banana Chips . . . . . . . . . . . . . . . . . .  1 06 
Statistical Analysis ........... . . . . . . . . . .. . . . . . .... . .. .. . . . . . ...... ... . . . . . . . .. . . . . . ....... . . .. . . . . . . . .  1 07 
Results and D iscussion . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . . ..... . . ..... . . . . ... . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. 1 07 
Change in Chemical Characteristics of Deep-Fat-Fried Banana Chips . . .  1 07 
Moisture Content. ...... .... . . ...... . . . . ... .......... . . ... . . ... . . . . ...... . .... . .... ... . . . . . .  1 07 
Water Activity (aw) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .... . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  1 08 
Thiobarbituric Acid Reaction Substances (TBARS) . . . . . . . . . . . . . . . . . . . . . .  1 1 0 
Change in Physical Characteristics of Deep-Fat-Fried Banana Ch ip" .. " J 10 
Crispness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 0 
Colour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 1  
Sensory... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 1 3  
Conclusion .. .. . ...... .... .... . ..... ............ ... .......... . .. .. ............... ........ ..... ............. I 1 8  
VII GENERAL CONCLUSIONS AND RECOMMENDATIONS . . .. . ... . .. .. . . ... 1 1 9 
BIBLIOGRAPHy .. ........... . . .. . . . . ..... . . ... . . . .... . ..... . .. ......... ..... .. . ... . ..... . ........ . . ........ 122 
APPENDICES . . . . . ... .... ... . . . .. .. ......... . ............... .... ...... .. .... .............. ...... .. ......... . . .  J 33 
VITA ............................................................................................................... 1 49 
xv 










1 0  
1 1  
1 2  
1 3  
Characteristics offresh double fractionation palm olein . . . . .  . . . . . . . . . . . . . . 1 0  
Fatty acid composition of Malaysian palm oiL .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Characteristics of soybean oiL . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Fatty acid distribution for soybean o i l  tentatively adopted by the 
Food and Agriculture Organization I World Health Organisation 
Codex Alimentarius Committee on Fats and Oils . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. 
Characteristics of fresh banana used i n  frying experiments . . . . . . . . . . . . .  . 
Sugar content of fresh banana used in frying experiments . . . . . . . . . . . . . .  . 
Colour characteristic of banana peel and pulp from fresh banana 
used in frying experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . .. . . . .  .. 
Moisture content, o i l  absorption and water activity of banana after 
� . . lrylng expenments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sensory mean scores for colour, flavour, odour, texture and 
overal l  acceptabi lity of deep-fat-fried banana chips . . . . . . . . . . . . . . . . . . . . . . .  . .  
Correlation coefficients (n=4) between the physico-chemical 
analysis of fresh banana and banana chips after frying . . . . . . . . . . . . . . . . . . . .  . 
Changes in fatty acid composition of RBD palm olein and soybean 
oi l  with different pretreatment methods of deep-fat-fried banana 
chips . . . ................ ..................... . . . ...................................................... . 
Changes in chemical characteristics of RBD palm olein  and 
soybean oil with different pretreatment methods of deep-fat-fried 
banana chips . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . .  . 
Changes in physical characteristics of RBD palm olein and 
soybean oi l  with different pretreatment methods of deep-fat- fried 
banana chips . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 
XVI 
I I  
1 3  










1 4  Sensory evaluation of banana chips fried i n  RBO palm olein and 
soybean oil  with different pretreatment methods of deep-fat-fried 
banana chips. . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  83 
1 5  Changes in fatty acid composition of RBO palm olein w ith 
different system of deep-fat-fried banana chips. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92  
1 6  Changes in chemical characteristics of RBO palm olein with 
different system of deep-fat-fried banana chips . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .  93  
1 7  Changes in physical characteristics of RBD palm olein w ith  
different system of  deep-fat-fried banana chips. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  97 
1 8  Sensory evaluation of banana chips fried in  RBO palm olein w ith  
different system . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99 
1 9  Characteristics of packaging films used in the deep-fat-fried banana 
chips . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 04 
20 Changes in chemical characteristics of deep-fat-fried banana chips 
packed in different packaging materials during storage. . . . . . . . ..... . . . .. . . .  1 09 
2 1  Changes in physical characteristics of deep-fat-fried banana chips 
packed in different packaging materials during storage. . . . . . . . . . . . . . . . . . . . .  1 1 2 
22 Mean score for descriptive profi le of deep-fat-fried banana chips 
packed in different packaging materials during storage . . . . . . . . . . . . . . . . . . . . .  1 1 5 
xvii 
LIST OF FIGURES 
Physical and chemical reactions occuring during frying. . . . . . . . . . . . . . .  . . . . .  1 6  
2 Formation of volat i le and nonvolati le decomposition products in  
frying oils.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  1 7  
3 Hydrolysis of frying oi l  with steam. . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . .. . . . . . . . . . . . . . . ... 1 9  
4 The two steps oxidation reaction . . . . . . . .. . . . . . . .. . . . . . .. . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . .  20 
5 Classical free radical route of l ipid oxidation . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1  
6 Oxidation and chemical changes i n  frying fats during use.. . . . . . . . . . ... . .  22 
7 Polymerisation reactions in frying oils. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . .  23 
8 Free radical oxidation of vegetable oiL.. . . . . . . . . . . . . . .. . . . . . . .. . . . . . .. . . . . . . . . . . . .. 33 
9 Phenolic antioxidant mechanism in  vegetable o iL. . . . . . . . . . . . . . . . . . . . . . . . . . .  34  
1 0  Chemical structures of synthetic antioxidants.. . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . .  36  
1 1  Peak force during deformation of fresh bananas. .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  6 1  
1 2  Force-deformation curves with different varieties and maturities of 
deep-fat-fried banana chips . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64 
1 3  Force-deformation curve with different pretreatment methods of 
deep-fat-fried banana chips . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  " .. . .  ". . . . . . . . .. .. . ... 84 
1 4  Differential scanning calorimetry (DSC) melting curve of 
packaging materials.. . . . .  . . .  . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 05 
1 5  Sensory descriptive profile of deep-fat-fried banana chips packed in 
different packaging materials: (a) in LAF, (b) in  OPP . . . . . . . . . . . . . . . . . . . . .  1 1 6 
1 6  Sensory descriptive profile of deep-fat-fried banana chips packed in 
different packaging materials: (a) in PP, (b) in  LOPE. . . . . . . . . . . . . . . . . . . . . . .  1 1 7 
xvi i i  
1 7  Unripe banana, Pisang Abu: (a) stage ' green', (b) 'trace of yel low' " 133 
1 8  Unripe banana, Pisang Nangka: (a) stage 'green' ,  (b) ' trace of 
yel low' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 34 
1 9  Deep-fat-fried banana chips from Pisang Abu and Pisang Nangka 
stage 'green ' and stage 'trace of yellow' . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 35 
20 Oleoresin rosemary plant. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 35 
2 1  Example o f  questionnair for sensory evaluation... . . . .. . . . . . . . .. . . . ..... . . . . . . .  1 3 6  
22 Separations o f  fatty acids i n  RB D  palm olein by gas 
chromatography. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 37 
23 Separations of fatty acids in  soybean o i l  by gas chromatography . . . . 1 38 
24 Change in  colour of RBD palm olein w ith time of frying: (a) in  
control system, (b) in b lanch system. . . .. . . .. ... . . . ... . . ...... ... . ... ..... . ........... 1 39 
25 Change in colour of RBD palm o lein in soaked in NaCI solution 
system with time offrying. . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 40 
26 Change in colour of soybean o i l  in control system with time of 
frying. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 40 
27 Change in colour of soybean oil with time of frying: (a) in blanch 
system, (b) in soaked in NaCI solution system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4 1  
28 Change in colour of RBD palm olein with time of frying: (a) in 
system 1 , (b) in system 2 . . . . .. . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .  1 42 
29 Change in colour of RBD palm olein with time of frying: (a) in 
system 3, (b) in system 4.................................................................... 1 43 
30 High-performance liquid chromatography for determination of 
sugar content. . . . . . . . . . . . . . . . .. . . . . . . . .  ... . .  ......... ....................................... . .. .. 144 
31 Texture analyser for determination of crispness . . . . . . . . . . . . . . . . . . . .  . . . . . .  1 44 
32 Gas chromatography for determination of fatty acid composition . . . . . . 145 
XIX 
3 3  Differential scanning calorimeter for determination of melting 
point of packaging materials. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .... . . . . . . . . . . . . . . . . . . . . . . . . . . 145  
34  Pack:.aging used for storage study (a) LAF and OPP, (b) P P  and 
LOPE. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . .. . . . . . . . . . . . . . . . . .  1 46 
35  Example for sensory profile assessment. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  147 




The banana industry in Malaysia is facing a serious problem of Fusarium 
Wilt disease which attacks various parts of the trees, causing them to die (Zainun et 
al., 1 997) This problem carried a decreased in the production of banana from 
238,376 tonnes in 1 996 to 2 1 1 ,577 tonnes in 1 998 as reported by Major 
Agricultural Commodities, in Malaysia Agricultural Directory and Index 200 1 102 
(200 1 ). While there are basically two main types of banana, are the cooking and the 
dessert varieties. Among the cultivars that can be eaten fresh are Pisang Mas, 
Pisang Rastali, Pisang Berangan and Pisang Embun, which are popular for export 
but they are promed to the Fusarium Wilt desease. The cultivars for cooking such 
as Pisang Nangka and Pisang Abu (Zainun et al., 1 997) are resistant to Fusarium 
Wilt and there is considerable field res istance to Bacterial Wilt (Stover, 1 972). To 
revive the banana industry, disease tolerant from the cooking varieties could be 
planted and processed in to banana chips, which have potential for export. 
There has been considerable interest in developing a market for banana 
chips as a snack item by deep-frying unripe bananas as in other deep-fried products 
(Noor and Augustin, 1 984). During handl ing of unripe bananas, the enzyme can 
cause browning and the oil absorption by the product can cause oxidation. 
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In deep-fat frying, the oi l  i s  used over and over again, moisture and air are mixed 
into the hot oi l ,  hence substantial quantities of heated fat are absorbed into the fried 
foods. Under these conditions, the major deteriorative reaction in frying oi ls  and 
fried foods are often resulted in a significant loss of qual ity (Alexander, 1 978). 
Lipid oxidation can lead to the changes in functional, sensory, nutritive value and 
even the safety of fried foods. Antioxidants are added to fats and oi ls, and foods 
containing fats to inhibit the development of off-flavours arising from the oxidation 
of unsaturated fatty acids. 
The quality of the oil used in deep-fat frying contributes to the quality ofthe 
fried chips. Oxidative and chemical changes in frying fats during use are 
characterised by a decrease in the total unsaturation of the fat with increases in free 
fatty acid content, foaming, colour, viscosity, polar and polymeric materials (Min 
and Lee, 1 996). The oxidative degradation of polyunsaturated fatty acids, 
contributes sign ificantly to the shelf l ife of product. In addition, l ipid oxidation 
products seem to be directly involved in the development of a number of diseases 
including coronary artery disease, atherosclerosis, cancer and the aging process 
(Lawson, 1 995a). 
Preservation of food products with additives is an ancient practice. In 
particular, antioxidants are principal ingredients that protect food qual ity by 
retarding oxidative breakdown of l ipids. However, the commercial use of synthetic 
antioxidants is strictly control led and increasing consumer awareness of food 
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additives and safety has prompted increased interest in the use of natural 
antioxidants as alternatives to synthetic compound (Che Man and Jai long, 1 999). 
In the processing of deep-fat-fried banana chips, the packaging is important 
to preserve the qual ity (Cal legarin et ai. ,  1 997). This  kind of snack food has the 
high content of oil and need to remain moisture low to be crisp and tasty (Jenkins 
and Harrington, 1 99 1 ). For pro longing the shelf- l ife of this product, the essential 
functions of packaging materials are required to protect moisture absorption, 
rancidity, loss of odour or entry of foreign odours (Sacharow and Griffin, 1 980). 
The aims of this project were to study the effect of variety and stage of 
maturities of banana, pretreatment methods, antioxidants and packaging matenals 
on changes in physicochemical characteristics of oi ls during frying and qual ity 
characteristics of banana chips. The specific objective of the study out l ined as 
fol lows: 
I .  To compare the qual ity characteristics of deep-fried banana chips from 
two banana varieties and two stages of maturity of raw bananas. 
2. To determine the effect of different pretreatment methods on oi ls and 
banana chips.  
3 .  To assess the effect of antioxidants on the quality of deep-fried banana 
chips and repeated frying oi l .  
4.  To investigate the effect of packaging materials on storage stabi l ity of 




Variety of Banana 
Commercial banana is  a gaint, perenial, herbaceous monocotoledon 
propagated vegetatively belonging to the family Musaceal genus Musa. The banana 
(Engl ish) has various names: bananier (French), pisang (Malaysia, I ndonesian), 
kluai (Thailand), chuoi (Vietnam), xiang j iao (Chinese) according to Nakasone and 
Paul ( 1 998). The banana is important in the humid tropical lowlands. The edible 
cultivas are derived from two wi ld species namely, Musa acuminata colla and 
Musa balbisiana colla. They belong to various genomic groupings .A.A./ AAA, AB, 
AAB, ABB, ABBB, BBfBBB depending on whether the clones are pure acum inata 
or balbisiana, dip loid characterised by vigorous growth and large bunch size 
(Hassan and Pantastico, 1 990). 
Pisang Abu 
Pisang Abu (Malaysia ABB group) is a vigorous clone easi ly distinguished 
by the widely spaced hands of large, angular, spreading, nearly straight fru its, 
starchy at ripeness; the peduncle is conspiciously long and the bunch is pendulous; 
4 
